RECOMP II USERS' PROGRAM NO. 10^0 



PROGRAM TITIE: 



OPERATING INSTRUCTIONS FOR MOMENT METHOD 
CIRCUIT ANALYSIS ON THE RECOMP II 



PROGRAM CLASSIFICATION: General 



AUTHORS: 



PURPOSE: 



DATE: 



A. Lechler, M. Duffy, J. E. Drennan 
Battelle Memorial Institute 

To present detailed operating instructions 
for the circuit subroutine generator (com- 
piler) and the moment method computer pro- 
grams -which have recently been developed 
and checked out on the RECOMP, 

19 January I96I 



Published by 

REGCKP Users' Library 

at 

AUTONETICS INDUSTRIAL PRODUCTS 

A DIVISION OF NORTH AMERICAN AVIATION, INC. 
3U00 E. 70th St., Long Beach ^, Calif. 



TABLE OF CONTENTS 

SECTION I - CIRCUIT SUBROUTINE GENERATION (COMPIUTION) 

LIMITATIONS Page 1-2 

ROUND OFF ERROR Page 2-10 

SECTION II - MOMENT METHOD CIRCUIT ANAL3!SIS 



CALCULATION OF PARTIAL DERIVITIES, AND VARIANCES 
OF OUTPUT PARAMETERS 



APPENDIX - (SAMPLE PROBLEM) 

TABLE 1 
TABLE 2 



Page 


11 - 


1^ 


Page 


1 - 


15 


Page 


2 - 




Page 


3 - 





OPERATING INSTRUCTIONS FOR MOMENT METHOD CIRCUIT ANALYSIS ON THE 
RECOMP II 



The purpose is to present detailed operating instructions for the cir- 
cuit subroutine generator (compiler) and the moment method computer 
programs which have recently been developed and checked out on the 
RECCMP. 

The programs are logically divided into two sections: 

I Circuit subroutine generation (compilation) , and 

II Moment method circuit analysis . 

Division I is essentially performed by loading one tape and typing one 
set of input. The results are one tape punched from the computer. 
The operating instructions are described in Section I. 

Division II consists of two phases. Phase 1 is the calculation of par- 
tial derivitives and is performed by loading two tapes, typing one set 
of input and waiting for the typeout of the partials. Phase 2 consists 
of loading a third tape, typing one more set of input and waiting for 
the typeout of the output parameter variances. The operating instruc- 
tions are described in Section II. 

Limitations 

Throughout the programming of this problem, an effort was made to con- 
serve space so that as large a circuit as possible could be used in this 
analysis. Even so, the memory size of the RECOMP makes certain limita- 
tions necessary, the most important of which are given below: 

(1) The number of input parameters must be not greater than 30. 

(2) The number of output parameters must be not greater than 25* 
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!Ehe size of the matrix of coefficients must "be not greater 
than 12 X 12o 

The nxaaber of constants appearing in the matrix equatloia 
other than the constant 1^ must "be not greater than k^<, 
If the saxae constant a^c^ars more than once it is counted 
for each appearance « (E:cror stop 0002 oO) 

The nuniber of orders generated by the caiapiXer imst be not 
greater than 8960 {Etti^t stop OOOitoO) 

The nnmher of pairs of parenthesis in any one esq^ression 
(ioeo, laatrix elamentj, failure test, or stress flmction) 
must be not greater than lOo (Brror stop OOOloO) 

During cc^apilation a tah^.e called the A table is generated^ 
The table contains for ee^ch input paranieters 

A) One word of identification 

B) One word for each appearance of that particular 
ixsput paraioeter in any matrix element,, 

This table mist contain not more than 150 words o (Error 
stcsp 0003* 0) 

Round off error 



During the calculation of partlals the method used to solve the matrix 
eqimtlon is a convergence technique « As the program is tassa i^ritten each solution 
must a^ree with the value of the s&xm solution from the previous Iteration to a 
tolerance of »0001<» This m&ans that each matrix solution whose absolute vtalue is 
not less than 1, is accurate to 5 significant figures » 

A glance at the f onmila used to calculate the partial derivltlves 
(Ref 9 1 above) will reveal, however, that when an input parameter has vea^ little 
affect on an output parameter, (l#eo, the partial is very small) numbers which 
are very nearly equal are suhtraeted. When this occurs, significant figures are 
lost on occasionoln the flight control flip flop (i.Co, the test case), during 
the calculation of partials all five significant figures were losto This means 
that some of the partials were not accurate, even in the first significant figure « 
At first thought this sepsis critieal» However we anticipate tJmt those partials 
which are inaccurate will contrlhute very little to the output variances any 
way» So the output variances should be accurate to at lea^t 2 or 3 significant 
figures* If, however, the situation is still considered critical, the tolerance 
on the matrix solutions may "be tightened "by modifying the floating point ntimber 
in locatiois I506 and I50T on Tape No» 1, the calculation of partials tape» This 
increase in accuracy will only he achieved at the expense of computer time* 

The sazople problem used to check out these programs was the flight 
control flip flop« The matrix, stress functions, failure test, and coEOi^uter ln« 
put and output are included in Appendix A of this lUi»« 



lo Clreuit Subroutine Generation (Compilation) 

In order to generate the circuit subroutine tape^ the foliovring steps 
should he performed In seqiienceo 

(1) Load tape #3 (coEipiler tspe)* 

(2) Verify tape #3o 

(3) Push "start" huttono * 

Shortl^^ thereafter the computer will type "MTRIX ORDER** 
and stop, waiting for the size of the matrix of coefflci* 
ents C^12) to be typedo ^I^e iM.s value and hit "carriage 
retiiim"© 

Irasaadlately thereafter tlie coniputer will type "COEFFICIENTS"! 
do a carriage return; anci stpp^ waiting for the non<»zero 
'/aatrlx elements to be enteredo 

For each nan<»zero matrix element two lines of Information 
must be tg?ped<» They are: 

ao ThQ location of the matrix element in the 
following formt t<m, coMoa^ column^^ 
carriage returnc eog«, for the second 
element in the third row t^e "3" "g" "2" 
"carriage returci"^ For the tiiird element 
of the depend^itv column vector of a 10 x 10 
matrix,, type *»3« "^/» "n" «*carrlage return" o 

ba The algebraic representation of the nmtrix 
elememt in the foUowing forn^t, which Is 
intuitively orient^ds 

1) The entire eacpression must be en«> 
closed in parentheses*, Other sets of 
parentheses are used, as needed, to 
avoid ambiguity In the algebraic ex* 
pressiouc 

2) This expression must be a function of 
A'^s and constants cmlyo 

The A^s ar? the IdentiftcaticKn of 
the input parameters^ these shoizld be 
assigned prior to can5>ilationa The sub<» 
scripts cf the A®s are not enclosed In 
paranthes^eso Inaaedlately preceding each 
A "lettei shif*b" miist be typed and immedi- 
ately following each A "figure sMft" must 

« The location coimter should be set at 0100,0, This should be done at the end 
of the tape; if not a new t^e shoulcl be miideo 
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he l^pee.o The only 1wo times these two 
keys are hit is in typing the letters 
A^ V^ GE, Gp Lg XJBp or L or in typing the 
word STCP (each of these letters will toe 
described as they appear )« 

The constants are t^ed in the 
foUowiug foimats xx«»«XoXx«— x 
ioOo^ the value of the constant 

(:S500 000 000 000) without 
using an e»|>onent and including a 
deeiiaal points 

3) ?our operations are permittedo 
•fadd 
— subtract 
& multiply 
/ divide 
Multiplications and divisions ax^ performed 
first (from left to right) and -then 8ddi« 
tions and subtractions « 
eogo, (AH-A2/A3) is ccss^iled ass 

divide A2 by A3 and then add 
Al to the qtuotiento 

(22o + 2./30 S l2o66 
(CA1+A2)/A3) is conipiled as; 
add Al to A2 and then divide 
the sum by A3* 

((a2o + 2.)/3o) s h.66 
(Al & A2 & A3) Is corspiled as; 
mdtiply Al by A2 and then 
amltiply this product by A3o 

(12o & 2o & 3o) s 2K & So ss T2o 
{M & (A2 & A3)) is compiled ass 
•nultiply A2 by A3 and then 
multiply this product by Alo 

(12* & (2o U 30) s 12^ & 6« S 72. 
(A1/A2 & A3) is coonpiled as: 
divide Al by A2 and then multiply 
this quotient by A3o 
(I2o/2o & 30 = 18« 
(A1/(A2 & A3)) is con^iiled ass 
<iivide Al by the product of 
A2 and A3o 

Cl2o/(2o & 3.)) » 2o 

After the c<Hzputer types "COEFFICIENTS*' and the carriage returns 
then^ for each non»zero :;iiatrix element, types 

ao '*row number", "conBBa", "column number", 
"carriage return"© 



When the conqauter stops t^es "left 
parenthesis"^ "algebraic representation 
of the matrix element*% "right pai-en- 
thesis'% "carriage return" » 

eogo. If ,A1 . Ah were in row 3, 

A2+A3 
column 3^ one vould types 



3 

carriage return 

{ 

letter shift 

A 

figure shift 

1 

{ 

letter shift 

A 

figure shift 

2 



shift 



3 
) 

aa 

letter shift 

A 

figure shift 

k 

) 

saxriag'5 return 

For each non«>zero matrix element the generated instructions 
for evaluating each matrix element are ptmehed out and the 
coa^uter halts vhen it ia ready to receive Vae next matrix 
elemento Kepeat Step (7)9 When all non«>zero matrix elements 
have been entered and the conig^uter is ready to aceerpt another 
element types "letter shift"^ "S^P"^ "carriage return" » 

The coE^uter will immediately l^e "FOJSCTIONS"| the carriage 
viH retumi and the cas^uter viH stqp^ waiting for the 

first stress function to be l^^^pedo With t&«o exceptions 
these 02:^ entered exactly the same as the coefficients » 

a« O&ere is no identification line typed 
iae«^ Nothing lilce "1^3 carriage return" 
is t^ed 



^ese ftmctiais may djeipend. cm not only 
the A"© (l^e :iaput psifaiaeters) ?md con* 
stentis but on the V's (the imtxlx 0olu«» 
tloaas) as wei:io Itee first elejaent in the 
laatrii solatium vsstor is VI ttoe secoad 
VS^ etc« ^^ 

©ogo Sy^ose S£^ ^» \y3 «ifere a stress 

Do 5 

ftmctiono One would types 



V 

flgm?e' shift 



lettex shift 

A 



X 



3 

4- 

letter shift 

V 

figure shift 

3 

) 

carriage rstura 

(10) For each stress functior the generated iiistructions for 
evaluating it axe punched out and the cosa^uter stops when 
it is ready to receive the next stress funetiono Repeat 
Step (9)» When all stress functions have been entered and 
the cosnputer is ready tc receive another^ type "letter 
shift**^ "SOX)?"^ "carriage retuxui^o 

(11) !Ihe cacaputey wiH inuaedlately type "FAXLURS TESTS"? the 
carriage wiH reinxmi and the coaputer -will stqp^ waiting 
for the first failure test to be typed» Each failure test 
consists of two algebraic e3;;p3?essions, each of which is 
cai3ipleteiy enclosed in psarentheses^ and the two are 
separated by one of the following four expressions « 

ao OS 

b© G 

Co X(S 

do L 



In order for tJae circuit to fallj 



&9 If GS is used^ the eacpressiom on the left 
must Toe greater than or equal to the ©»:«> 
pression on the right* 

ho If G is used^ Wae eacpression on the left 
must he greater tban the escpression on 
the righto 

Co If I£ is used^ the «52cpression on the left 
must he less than or equal to the e3S«> 
pression on the righto 

do If L is \isedj, '^e escpression on the left 
x&ust W less -thsn, the expression on t&e 
righto 

Within each of the two ^acpressions (referred to ahove @£ 
"the expressiosi on the left" and ^iihe eacpression on the 
right") typing is exact-iy the sssae as for the stress 
functions,, / \ f 

eogo^ Si^pose a eircu:it will fail whenj3QfcA«^j « p{2 

IaI f V2 1 "■ \ 

One wculd type; 



letter 


shift 


V 




figure 


shift 


1 




& 




letter 


shift 


V 




figure 


shift 


2 




/ 




( 




letter shift 


A 




figure 


shift 


1 




+ 




letter shift 


V 




figure 


shift 


2 




) 




) 




letter shift 


X. 




E 





MQaa 

figU5?e shift 

c 

letter shiffc 

V 

figiufe shift 

2 

& 

letter shift 

V 

figure shift 

2 

) 

carriage retiam 

(12) For each failure -best the generated iRstractions for determining 
the success or failure of the circuit are punched out aaad i3a.e 
computer stops when it is ready to receive the nest failure 
testo Kepeat step (11) > When ell failure tests have been 
entered and the coin^ute^f is ready to accept another failure 
test type "letter shifty "SOJOP*^, **carriage return**© 

(13) The cOD^uter vill punch out the n^rsory of the compiler^ 
the A tahle^ and stop at 0006eOc OMs is the end of the 
psTograsio Advance the tape and tear it off o This is the 
coiB^lete cosnpiled porti'in of the circiait subroutine, ready 
to he read into the maeoine for Phase XX (calculation of 
partials and variances) o 

(Xk) Thexe are error halts pafograanaed Into the ccsnpilero These 
can he distinguished frmsi stops where the cosiputer is 
waiting for typed inforiiatlon loif the al^pha light on the 
console « This light will he on if the coniputer is \iraitlng 
for information from th3 typewritero The error halts 
are identified hy l^e location lights on the cozisoleo 

OOOloO » There c^re too many parenl^eses In a 
statemento Each of the coefficients 
and stress functions and each half of 
■i^e failure test may have ijp to ten 
sets of parentheses o 

CXX)2oO « There are too many constants in the 
coo^lled programo The number of eon» 
stants, Ci^unting each repeated 
occurrence separately but not counting 
the constant loO^ iBUSt be less than 
fiftyo 
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0003 «0 «» The A tal>3.e is too "bigo The number 
of Input pa3?aBseters (the A^s) pliis 
tha nimibei' of non^zero matrix eleseats 
each of ttem appears in mist not be 
greater tt^an one hundred and fifty*, 

OOO^oO «• There are too many orders in the ccsai» 
piled programo QSie nisaber of orders 
must not exceed eight himdred and 
ninety six*, 

0005 oO » The number of left parentheses is not 
eq,UBl to the number of right paren«» 
theses o Push the ^proipriate nurabered 
start swilich as described belowv 

00060 «» This is tl:;e end of Va.e programo 

i220o0 « Something has been typed wrong; Cogo^ 
a figure £ hift when it was not needed 
or iMO letter shifts before an A or Vo 
Push the * start" button (laot one of 
the numbesed start buttOsns)o The tape 
will autos atieaUy be reset and the cQ3!i<» 
puter wiU. soon stop^ ready for the 
statezoent to be typed in again » Xn the 
case of tie coefficients the identification^ 
"row*% "ccaffiBa**, "(iolUBm*% **carriage return"^ 
Mist be re;«>entered alsoo 

There are three numbered steirt switches at the right hand side 
of the consolCo These are to. be used in conjunction with 
error stop 0005oO and acy other time when an error in the type» 
in has been made and recognized before the carriage return is 
hit which sends the cosi^mter on to coo^iling and punching out 
an algebraic sl^temento Sissply press the error reset button 
and then the appropriate start button » 

SVf #1 « ThlQ switdb is to be used during the **eoeffiei» 
ents" phase of the coo^ilingo It can be used 
any time before the carriage retuxn following 
the algegrslc statis^oent has been hito Thus it 
can be use^. if an error in the identification 
is discovered while one is loping in the 
corresponding algebraic statemento In all eases 
the identification, "row", "cosamia", "column", 
"carriage x'etum", must be typed again, as well 
as the algebraic statemento 

SH #2 - This switcli is to be used during the "stress 
functions" phase of the con^ilingo The alge* 
braic statement must be are«entered from the 
typewriter <, 
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SW #3 • This switcli is used during the "fiailure 
tests** phai^^^e jf the caa^iXiago The 
algebraic s^tateisents xoust be ret^edo 

It is hoped that these ctrror halts idJJ. catch nsost of l^e 
errors of the t^^ist but no attes^t was made to catch all 
errors o If there is an error^ noticed later by the typist^ 
but not noticed by the niachine at the tisse of coi2|pilatlon 
of that statement^ there is only one easy thing to do <» 
start overo 



<E»J-J.» 
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XIo Calculation of Partial Dey ivitive Sj» and Variances of Output Parameters 

l^on ecsfs^letioQ of the circuit subroutine o<m^tlf6r^ calculation of 
the partial derivitives and -variances of oul^ut parameters msy begiuo ISie 
foUotdLng steps should he perfoxmed in sequenceo 

Load tape #1 (ceilculatioQ of partials tape) 

Verity t93?e #1« 

Load the coi!:piXed circuit subroutine t&pe« ioCo^ the tape 
Idmt was pimched during the cosi^ilation pbaseo 

Verify the circuit subroutine tape© 

The CQB^uter 1^11 ixmoediatdly 1^^ "H XS*'^ and stop 
waiting for the niMber of different input paraiaeters; 
ioCo^ the number of different A*So 3^e the value of 
N; and hit carriage returno 

Ihe con^uter will inaafidiately type ^JTS IS", and atop 
waiting for the nismber of different ou-^ut parameters^ 
(iae»^ number of matrix: solutions -4- the nuniber of 
functions) « ^i!;ype the value of XTS^ and hit carriage 
retunio 

(8) The con^uter will immediately type "MEANS", do a 
carriage return and stop waiting for the means of 
each input parameter to be typed ino l^ype: 

ao The mean vajljp of input parameter Ai in 
the format llxiQErs— •XoXaae*«»x 

i»e,., l^ype the value of Xj, without using 
an escponent and be sure to include the 
decimal pointo 

be Hit the carriage return. 

c« Do .(a) and (b) for i » l,2,3,i|.«o«Np After 
each carriage return be sure to wait for 
the coniputer to stop before typing the 
next xoean values 

(9) ^e Recomp will then solve the matrix egtuation with all 

parameters at their mean value« If any of the failure 
tests indicate failure, the Hecomp will stop with (?060al) 
in the location countero This stop probably means that 

If any mean or correlation coefficient is negative -^pe *•-", if they are 
positive, however, do not type a sign p 
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soaonething Is vrong with the equivalent clrculto Pushing 
the start 'button vlll ca^ise the zsean loatrlx solutions 
to be typed out In declmil floating polntj, five words 
per linoo If the G±reaL% passes all the failure tests 
the mean matrix solutions will autooatlcally l^e typed 
out In decliDBl floating point, five worcU per llneo 

(10) In either ease after the -fype^out of the loean matrix 
solutiLons^ the eoo^uter will proceed autoniatieally to 
the calculations of partlalso This operation will run 
Interrupted for a fairly long period of tiitiee For a 6 x 
matrlXp 21 Input paraiaeters and 2 functions the time re« 
quired Is one hour and 23 ndnuteso As the partlals are 
calculated they are typed out (decimal floating pointy 
five words -per line) In groups of ITS© 1!he first grou^ 
will be: 



jy y y 




the second 



and so on until the last gro^^ which wlU be 



» 





The approxlmato time required for the calculation of partlals 
can be detesnolned by noting the time elapsed between the type«» 
out of the mesui matrix solutions and the type»out of the first 
set of partlals and ztailtlplylng by No 

(11) After all the partlals are calculated^ the Becomp will stop 
with (0003) In the location counter o 

(12) OSie next thing to do Is load !I?ap^ (calculation of Variance 
'^P®)« Be sige not to use a memory gero routine o 
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(23) Verify Tape #2* 

(Ik) Push the start huttono ♦ 

(15) Tb9 Reconip will iranediateay type "Variances", do a 
carriage return and stop waiting for the variance of each 
input parameter to he typedo Type: 

(a) The variance of input parasneter A^ in the 
foxmat »ac— »-Koac3QC«— »x i»e«, -^ype the value 
of €^^ Aj[ without using an esqponent and be 
sure to include the decimal point » 

(B) Hit the carriage retumo 

(C) Do (A) and (B) for isl,2,3 «op Ka After 
each caiTiage return he sure to vait for 
the ecHi^uter 'xy stop hefore t^rping the 
next vEtriancCo 

(16) After the variances art; x^ad in^ the coogputer is ready to 
accept the correlation coefficients for all input parameters 
of inultloparaioeter paries « For each such part it is necessary 
to l^pe in the folloving informations 

(a) Part I,D« (an^^ 2»digit idsntifieation for the 
part) this number will appear in the output as 
an identif ieation of the parte 

(B) WiB, the numher of paxaneters in the parte 

(C) For every posBihls cooibinatlan of paarameters 
in the identified part a correlation coef f ici« 
ent must he typed in, even if it is zero« 
Along with this correlation coefficient the 
input parazoetar numhers of the 'Uro paraioeters 
being correla-bed are typed*, 

The a!bove information Is '^ed as follovs: 

(17) ©le computer will t^e '•MOLTI PA3RA PARTS", do a carriage 
return, type "PAET ID^^, and stop waiting for a raulti-parajaeter 
part identification* ^i^^pe any tiro«>digit number you choose* 

Do not hit the carriages retuiH g The coniputer will immediately 
tiype **lldP^, and stop waiting for the number of parameters in 
this multi-parameter prirt to be typed* Ty^^ the value of HOP, 
and hit carriage returuo 

(18) The ccnputer will insnediately t^e "CORR C0EB7", do a 
carriage return and stop waiting for the correlation coeffi- 
cients for this part to be -^ed in* For every possible pair 
of izxput parameters In this multi-parameter part -^ype: 

«The location counter should be set to 0100*0, if it is not, the 3>joeation counter 
will have to be set from the keyboard* If this is the case, a new tape #2 
should be punched including the setting of the location counter to 0100*0* 
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(A) ^e correlation coefficient In the foimt* 
X <»xx3cx«— »x, loe^, type the nuniber with« 
out using an exponent^ and be sure to in» 
eluide the decimal point. 

(B) Hit the space bar^ and wait for the Reconp 
to stop* 

(C) Type the input parameter number of one of 
the tvo parameters Iselng coxrelatedo 

(D) Hit the space bar^ and wait for the eooputer 
to stopo 

(E) Type the input parameter number of the 
second of the two p€u:*ameters being 
correlatedo 

(F) Hit the carrj.age return^ 

(Q) Perform stapg (A) throug^i (F) for all possible 
combinations of the parameters in this part 
(l«ea^ if there are n input parametez^ in 
this part, atn"!) lines of correlation coeffi- 
cients must "2 \)Q typed). 

(19) When the input for one multi-parameter part is completed the com- 
puter types *^ART ID" again, expecting input for another multi- 
parameter parto If there are more multi-parameter parts, repeat 
steps 17 and id, when there are no more multi-parameter parts, 
type letter shift, ENDo 

(20) The Ix^ut is now coai|plete» The cooo^uter automatically starts to 
calculate the output parameter variances. For each of the ITS 
output parameters the following information is -^rped out. 

(21) The computer types "VAR of 1* (1 is the ntimber of the outgput 
parameter being evaluated), does a carriage return aM types 
out the total variance of output parameter 1 in decimal float^^ 
ing point. It then does a carriage return, i^ypes **ST DV IS", 
does a carriage return and types the standard devlatioa of 
output parameter 1 in decimal floating point. 

(22) The Becon^.next types ^"PESCB^ OF YAH W& TO EACH PABA", and 
does a carriage return. 

(23) It win then type out H lines of information. Each line will 
contain two numbers. The first is in decimal floating point 
and represents the percent of the total variance of output para- 
meter 1 that Is attributable to the input parameter whose idcmtl* 
fleatlon is the second number on the same line. 

If any mean or correlation coefficient Is negetlve type **-**, If they are 
positive, however, do not type a slgtt o 
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{2k) Next the computer types '*PEHCKNT OF VAR DUE TO EACH PAET*% and 
does a carriage re turn «> 

(25) One line of output is then typed for each raulti-paraaxeter part 
for which input data has been typed ino Each line contains tvo 
numbers o ^e first is in decln^ floating point and is the 
percent of the total variance of output parameter i that is 
attributable to the multi-parameter part whose identification 
is the second number on the same line<, 

(26) Steps (21) throu^ (26) are perfoiroed for each output parameter 
(ioe,, for i^l, 2, 3 «-» ITS) 

(27) !rhe program is finished end stops with (0002) in the location 
counter* For a circuit with 21 input parameters^, 8 output 
parameters J and 3 multi^parameter parts o The variance section 
required 29 minutes including typing in the datao 
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Appendix A (Ss^le Problem) 

As E^ntioned above, the sart^le problem used to check out these progjrsias 
is the flight control flip flqp* This circuit and tha s©ms set of clata that tms 
used on the Recon^i were run throu^ the Moanent Method pi'ogrssi on the IM. 709* 
•ISie output is labeled,? 

00 6380<»53 (004) 100 27 J ])UFFY 30^^3-054 06/03/2O 
If this output is not availaJile at K«A«A<,, it can be obtained from 
A« Lechler at Battelle Mesiorial Institttte« 



TABIDS 1 Tb.e Flight Control Flip l^atris es 
Provided "by tlie 33esigner or the 
Circuit Analyst, 



Vo-Sj 
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Jco 


4 





LoNSTAAffS 

C^i/ ^ / ^ /6 oA 




X 



^^ 



'3 



V. 






f^> 



'i!miM 2 Fliglit Control Flip llep Af-^r Input 
Parameters have "been Assigned 
Identifications 



yVlAl'/r'^X 





Ml 
.6 


-hA/if 




^6 


^40 




^5 


' ' fv 


.5 




Aft 


4/^ 




- 






A^i- f,<ff^Oj coo. 






^ 1 ^ 


/ 


i 


1 -7 










^^/ 


^„tfi,^ 


^^'*'f»ooo^aob. 




-4-. ^- 


1 

^6 








- J^ 


^■^ 


1 


^5 


i 





1 







fUf-t lf<^Qe,too^ 






w 


n 




+ ' 1 


/ -7 


"^v 


A/a *„ tt,^ 










-h"^'' 


/ / 








1 










i t f 


^^ 



Fa /t-i/ife ^'-s 7"^ 



K3 



1' 



Vs 






A-^ 



MATHH ORDER 6 
COEFFICIERTS 

(le/CAll*AM)+l./A21*<,OOOC>0003333*l«/A15*lc/CA6<-1000000< 

1,2 
(-1. 

1,,3 
(-lo/{A6*1000000.)) 

(«-o00000003333«lV{All*AU) ) 

1 7 
(tA3-A19)/A15~o026/A21-A17*o5/(AlUAU)) 

2pl 
(-lo/A2l) 

2,2 

(lo/A5*l«/A21*iyA4) 

2,3 



2,6 
(-IcM) 

2 7 

{!o26/A21-A20/A5) 

^ 1 
(-lo/(A6+1000000o)) 

3p2 
(-1. 

3 3 
(l./(A6*1000000o)*lo/A9*lo/A8*l«/l5} 

3p5 
(-lo/AS) 

3,7 

(A20/A5-A19/A9) 

^,1 
(-.OOOOOCX)3333-'lo/(All*AU) ) 

^p4 
(lc/A2+p0000000666?*lo/A10*l«,/(All*A14) ) 

(-c00000003333) 

4p6 
(»lo/A2) 



A-5 



4»7 

(-1./A8) 

(-•00000003333) 

(Io/A7^1o/A12*o00000003333*l«/A8) 

(A18/A7«A16} 

6.2 

(-lo/M) 

6«i 
(-I0A2) 

6.6 
<lo/Al+l«/A24lo/A13*lc/A4) 

6,7 
(A18/A1) 

STCP 

FUNCTIONS 
((Cr3*VI}/(A6^1000000o})ft((73->Vl)/(A6«1000000o))&A6} 

( (A18-V5)& {AaS J(r5)/A7) 

iSTOP 

FAILDRE TESTS 
(76}IS(-16,) 

STOP 

9 IS21 

ITS IS8 

MBAHS 

3300. 

9IOO0 

6o2 

10, 

350. 

10000c 

3300. 

9IOO0 

33000. 

33000. 

10000. 

5000. 

1000. 



il«»^ 



25 • 

10« 

•0000005 

oOOOOOl 

25o 

25« 



«18463485 <^2 -18420641 *02 c=.l69%322 ^02 «19324?29 *02 9310826? ^01 
-18110236 <K)2 

-38495695 -04 «=40419?99 -04 -38mi92 -04 »52152548 =04 -69560493. -05 
-.'?8948597 =04 -83099568 «U 6614221? -0? 

1?198094 <=0? 211ia4?62 -0? 2012??08 -0? -^1049262 «=04 29056274 <-09 
99265952 ^^ 84384964 -16 -276366<^ -11 

98592984 <>00 98523291 *00 9453799T 400 85515616 ♦OO 16953383 +00 
97243294 *00 =11680098 -08 -16120^6 «»02 

-39731677 -03 -^1788452 -03 -^0094622 -03 13667030 -01 »71138584 "-04 
30210886 -01 »10454531 -12 676428S7 -06 

-30136533 --05 =-31656186 «»05 25356278 -02 -262032a -05 45458624 «03 
-31243333 -05 73123805 -10 -432247a -05 

-14551914 -11 54049965 -13 48265581 -09 -33122929 -12 86351060 -10 
-41161129 -12 1390452 -16 -82143878 -12 

-24424649 -05 -25645439 -05 -89174330 -04 -25029393 -05 -236640Q7 -02 
-25315257 -05 -24982488 -11 22501134 -04 

-24645268 -05 -25877272 -05 -90009022 -^ -21242919 -05 50210207 -03 
-25539755 -05 -25216560 -11 -47742826 -05 

69498662 -07 7297259D -07 25380703 -05 61933305 -07 45502765 -06 
72023186 -07 71105425 -13 -43266719 -08 

44565539 -07 45710172 «07 43904352 -07 21763166 -04 90537589 «08 
68655807 -07 -19044771 -16 -86087739 -10 

470a509 -OB 38892686 -08 37024643 «08 -14979761 «04 -15013521 «09 
-12396186 «07 -28852937 -16 14299800 -11 

63139^6 -06 66295?r63 -06 23052388 -04 647032a -06 61173648 -03 
65442240 -06 64582038 -12 -58167513 -05 

-17610990 «03 -1849i227 -03 -17742971 -03 -23858720 -03 -31822496 -04 
-36117362 -03 -38016213 -13 30258704 -06 

ai97l62 -08 32959393 -08 29780146 -08 -U980277 -04 -22797999 -09 
-12706731 -07-33113081 -16 17733491 -11 

33178173 -01 33154720 -01 31813602 -01 28777422 -01 57050944 ^2 
32723980 -01 -39305464 -10 -54247406 -04 



A-l 



681421856 +ca 69810822 +01 -53li7031a +02 hnh326Q +0I4 »l6l408001 +Oii 
lli;058lit +02 «.17372l|68 "05 156017^2 +02 

«.13018878 +01 -10753207 +01 «10228920 +01 i}l675l20 +014 Ii09ii6l450 «01 
3i|ljli3802 +01 80291626 =08 «3889726? -03 

3I1605053 -02 3633li686 «02 217251*31 »01 1^5186292 «02 Ii9827l99 +00 
657582liO »02 52610802 «09 -173786I4D -02 

-9861j75i46 +00 «98579950 -^00 -95609738 +00 -98195906 +00 »1711i6213 +00 
=973129014 +00 8750I86O -09 16303631 -02 

-113861431^ »02 =.11960596 -02 95806706 +00 »9900l4238 -03 17176l8ii +00 
»ll80li75l4 "02 27629228 -07 -16332129 «02 

«l46930908 -03 33l8955it --01 31835809 «>01 11^797321 -Ol 57083150 «02 

327it3l87 «01 93052571 -09 -'5ij278082 -^Ok 

VARIANCE 

500. 

35OO0, 

oOl 

80 
10000 o 

li500o 

50O0. 

350O0 

50000O0 

50000O0 

i4500o 

lOOOo 

ii5o 
5O0 

lOo 

o 00000000001 

oOOOOOOOOOOU 

003 
003 
00015 
002 

miLTl PARA PARTS 

PAHT ID 10 NOP 2 
CORR GOEFF 

00 3 15 

PART ID 11 NOP h 
CORR COEFF 

001 ii 5 

00 h 20 

001 h 21 
Oo 5 20 
cOl 5 21 

00 20 21 

PART ID 12 NOP 2 
CORR COEFF 

001 16 17 
PART ID END 
7AR IJF 01 



A«"d 



li9926392 -01 

ST DV IS 

223iiii21it +00 

PRRCEI^ OF VAR DUE TO EAC ?MXk 

m8iil033 "02 01 

207314736 -08 02 

19li698l3 -s-oa 03 

2529it937 -02 Oii 

18190993 -03 05 

19086337 -16 06 

S97hk302 -05 07 

k2$79932 -OI4 08 

I1837I852 -05 09 

1989015]* "O^ 10 

19?ii5Ii95 -09 11 

79850660 -06 12 

27951*381 «=02 13 

16997081* «11 lii 

22OI48282 +02 15 

68225965 --06 16 

12350289 »06 17 

71956505 -03 18 

58h7U06 {-02 19 

3B952606 «05 20 

88230281* «^05 21 

PERCE!?r OF VAR DUE TO EACH PART 

I1I5I8095 +02 10 

27l*lli778 "02 11 

79995699 -06 12 

VAR OF 02 

1*9879389 -01 



ST DV IS 

2233369it +00 

PERCENT OF VAR DUE TO EACH PARA 

16377106 -02 01 

3X2^iil62 «08 02 

19li606l8 +02 03 

28007956 -02 Oh 

200907li6 »03 0$ 

26356165 »19 06 

65927889 -05 07 

I16987669 -Olt* 08 

53378750 «05 09 

209i*li721 -05 10 

1361^6663 «09 11 

88II5116 «>06 12 

3081(7707 -02 13 

108891183 «11 II4 

22037869 +02 15 

71090986 »06 16 

aii336it03 -0? 17 

79i}0li09li «03 18 

581|ii902li ■«.02 19 

I4302052I4 -05 20 

lilil68399 »01 21 

PERCEM' OF ?AR DUE TO EACH PART 

Iilli981i88 ■5-02 10 

1^6907382 «01 11 

79031*909 »06 12 

VAR OF 03 

1122l}li0lj 4-00 



A-10 



ST DV IS 

33^028141 +00 

PERCENT OF VAH DUE TO EACH ?AU 

67006390 -03 01 

12632619 «08 02 

79625001 +01 03 

Ilii577li0 «02 Oh 
57280621 +02 05 
933951148 -12 06 
351^23089 -02 07 
25262529 -01 08 
286955lii -02 09 
85866123 «-06 10 
5ii958010 -10 11 
li73aU39? «>03 12 
12621237 -02 13 
39305755-12 tk 

90170073 +01 15 

18533282 -01* 16 

339122li2 -07 17 

12615217 «01 18 

2itl432177 +02 19 

122661^72 +01 20 

I8059197 -01 21 

PERCENT OF ?AR DUE TO EACH PART 

16979507 +02 10 

585I4I6OO +02 11 

18583050 «0l* 12 

VAR OF OI4 



ST m IS 



A^Il 



2168905$ ♦OO 

PERCKNT OF VAa DUE TO EACH PAHA 

28909Uli7 -02 OOL 

27729855 •01 02 

155it5673 ♦02 03 

31765597 +01 Ok 

lli595828 ^03 05 

IOI491515I ^17 06 

66586990 -05 07 

3357ii935 ^Oh 06 

U0769673 -05 09 

503li2279 ♦OO 10 

21ii65i*99 -02 11 

88996070 •06 12 

5tt53lt6l4 -02 13 

23852200 -Ob II4 

1760i|i;51 ♦02 15 

26951U28 -KX) 16 

13i431750 ♦Ol 17 

13021270 -02 18 

6lit9311*2 +02 19 

31251*853 -OS 20 

93092538 -02 21 

PERCENT OF VAR BUS TO EACH f^ART^ 

33l5012ii +02 10 

3l89003lj ♦Ol 11 

162U7227 -K)! 12 

VAR OF 05 

15131386 -m 
3T DV IS 



123CX)970 ♦00 

PERCENT OF VAR DUE TO EACH PARA 

15988825 -03 01 

19528512 «11 02 

189914767 +01 03 

26756031 -03 Oil 

1365695U •►02 05 

22175281 -12 06 

18501*096 +02 07 

58311*069 ♦Ol 08 

681il7l4l*6 -03 09 

27086265 -06 10 

67031*589 -12 11 

2l*7311i75 +01 12 

3011631*5 -03 13 

17171*525 -13 lii 

21510323 +01 15 

1291*5618 +00 16 
1*0310107 -09 17 
1*9223833 +02 18 
58287971 +01 19 
2921*5956 ♦OO 20 
1*3069228 -02 21 
PERCENT OF VAR DDE TO EACH PART 

1*0505091 ♦Ol 10 

13957608 ^02 11 
1291*5601* ♦OO 12 
VAR OF 06 

55915037 -01 

ST DV IS 



A-13 



236I46360 +00 

PERCENT OF VAR DUB TO EACH PARA 

5573^28^ -02 01 

61679387 -07 02 

I69II832 +02 03 

130^83149 +02 01* 

17l<57663 -03 05 

13635101* -17 06 

57306788 -05 07 

li0829389 -Ob 08 

146385906 -05 09 

I421l498l4l -05 10 

12366879 -08 11 

76592757-06 12 

10li98226 «01 13 

II4J138068 -10 II4 

19151536 +02 15 

16928330 -05 16 

77188698 -06 17 

23200265 -02 18 

50808158 +02 19 

37383200 -05 20 

383l480ii6 -01 21 

PERCENT OF VAR DUE TO EACH PART 

36063368 +02 10 

13110022 >02 11 

2lt8758l9 -05 12 

VAR OF 07 

5I47I4II98 -16 
ST DV IS 



A-iii 



73987295 -08 

PERCENT OF VAR DUE TO EACH PARA 

6307Ulil5 -07 01 

U5528556 -10 02 

2l492175ii "01 03 

15972938 «06 Ok 

976l9hSh ^02 05 

15981;577 -11 06 

5700685I4 «02 07 

1*0656072 »01 08 

1*6180770 -02 09 

33128915 «09 10 

681*35002 »11 11 

76191968 «03 12 

II880532 <=06 13 

10015090 -12 II4 

2822221*5 -01 15 

1*0111*270 «01* 16 

1*281*36U -08 17 

15168992 »01 18 

1*1960579 -01 19 

20917721 +01 20 

31635332 «01 21 

PERCEm* OF VAR DUE TO EACH PART 

53114*000 -01 10 

998379ii9 +02 11 

1*0U0263 -01* 12 

VAR OF 08 

13680783 »05 
ST DV IS 



A.-I5 



11696U87 -02 

PERCENT OF VAR DUE TO EACH PARA 

1598882U -03 01 

19^li02l6 -11 02 

I899ii767 +01 03 

26756130 «03 Oh 

13656951; +02 05 

221911837 »12 06 

I850lj095 +02 07 

5831U069 +01 08 

68ijl7lt65 -03 09 

27085798 -06 10 

67260718 -12 11 

2li7311*76 +01 12 

30116312 -03 13 

lll*67ii63 -13 11* 

21510326 +01 1$ 

129ii5696 +00 16 

i40233ii57 -09 17 

1*9223832 +02 18 

58287971 +01 19 

292J45956 +00 20 

Ii30693l6 -02 21 

perch: 'T OF VAR DUE TO EACH PART 

il0505093 +01 10 

13957608 +02 11 

129U5681 +00 12 



